Abstract -Specific features of the structure of a rigid framework composed of aggregated carbon black particles in rubber were considered. The volume fractions of the main components of the material-the filler, the binder, the layer enveloping carbon black particles, and the polymer entrapped by aggregates-were calculated. It was found that the volume fraction of the polymer in the layer around filler particles can be very high. The average number of contacts between neighboring aggregates in rubber with a high filler content is six. During deformation, the structure undergoes strong changes, so that neighboring aggregates can move from each other or, conversely, the remote aggregates can approach each other.
INTRODUCTION
The main components of commercial rubbers are carbon black particles and an elastomer binder (vulcanized rubber). The mechanical properties of rubber articles are determined by the manner in which filler particles aggregate and are arranged in the bulk of the material.
At present, most researchers agree that active fillers create a rigid network or framework in a matrix polymer. A polymer layer with specific mechanical properties-bound rubber-is formed on the filler surface. This term was first introduced by Fielding as early as 1937. At the same year, Wiegland emphasized the importance of this phenomenon [1] . However, new hypotheses concerning the structure and properties of this layer and its role in the formation of the mechanical properties of rubber are still being advanced at present. Many investigators believe that the properties of polymer material gradually change from those on the surface of active-filler particles to the bulk polymer properties [2] . In this context, some authors [3] proposed to distinguish several polymer layers with different properties in the vicinity of the surface of carbon black particles. There are also speculations about a more complex structure of the material. For example, according to Fukahori [4] , filler particles in a polymer matrix are enveloped by two, glassy and viscous, polymer layers rather than one layer. The viscoelastic behavior of the material and its hardening are associated with the specifics of motion of polymer chains in the viscous layer.
The way that the addition of filler (carbon black) markedly improves the properties of polymer material remains an open question. An understanding of the phenomenon requires the knowledge of the structure of rubbers. The objective of this study was to analyze the specific features of the structure in question. It was necessary to determine a likely number of contacts between neighboring aggregates, the volume fraction of polymer in layers around filler particles, the fraction of occluded polymer, etc. This information is essential for the construction of mathematical models capable of explaining the mechanism of the formation of the properties of the material; furthermore, knowledge of the rubber structure is necessary.
STRUCTURE OF THE FRAMEWORK FORMED BY CARBON BLACK PARTICLES
IN RUBBERS In nature, aggregation of particles usually entails the development of structures whose geometry is determined by the fractal law of distribution of centers of particles. The existing methods for the construction of such aggregates have been reviewed by Meakin [5] . The algorithms proposed by the cited author allow structures to be computer-simulated and their density and fractal dimensionality to be determined. However, the implementation of the proposed algorithms takes a very long machine time. There is a more appropriate algorithm in which the constants C and D in the expression that defines the number of particles N occurring in a sphere with a radius R and the center coinciding with the center of aggregate,
where C is the constant and R p is the particle radius, are supposed to be known. In accordance with [6], we take a fractal dimensionality of D = 2 for our calculations.
Computer simulations show that, at C = 0.6, the shape of aggregates is similar to that observed in experiments [6] . Figure 1 illustrates the visual appearance of individual aggregates.
In this paper, we will dwell upon the details of the algorithm for constructing aggregates and their organization into an agglomerate.
The following structural components of the material will be distinguished: carbon black as a filler, a polymer layer that surrounds filler particles and possesses specific mechanical properties, "occluded polymer" regions, and the rest of the polymer as a binder. These components of the material are shown in Fig. 2 (for clearer perception, polymer layers about the particles are shown as rings).
The phrase "layer about a filler particle" means a polymer that possesses special mechanical properties, occurs in direct contact with the filler particle, and is formed via interactions between the polymer and the particle surface [1] . The amount of the polymer in this layer depends on a variety of factors, such as polymer and filler physical and chemical properties, the rubber manufacture temperature, and the time of this process [1, 2, 6, 7] .
Carbon black used in the manufacture of rubbers is an aggregate of clustered particles. The fractal geometry of the filler allows us to distinguish a portion of green rubber in the vulcanizate as an independent structural element referred to as "occluded polymer." This state of a polymer was first characterized by Medalia in 1970 [7] . Such a polymer state arises when rubber is surrounded to a considerable extent by filler particles from one aggregate, is shielded by these particles, and does not experience any significant deformation.
This portion of the material does not contribute to its resistance against an external load. From the mechanical viewpoint, such a polymer behaves as a rigid body and should be treated as a certain admixture to the filler rather than a polymer that is responsible for the formation of resistance to applied external load [2, 8] . In this connection, to calculate the mechanical characteristics of rubber, some researchers [8] unite the volume fractions of filler and bound polymer into one quantitythe effective filler content.
In this study, we propose the following procedure for calculating the relative amount of occluded polymer in agglomerates: counting the number of carbon particles in the same aggregate that occur at a distance not longer than 2.5 R p from a given point in the polymer. If the number of such particles is greater than or equal to five, the point belongs to the occluded region, i.e., is surrounded by filler particles from every quarter.
ANALYSIS OF AGGLOMERATE STRUCTURE
To analyze the structure of the test material, we use a computer-designed agglomerate composed of three hundred aggregates. It general view is shown in Fig. 3a .
The agglomerate is a rather dense structure. Figure 3b illustrates the layer composed of aggregates with their centers located in the space confined by the planes z = -5 R p and 5 R p . Figure 4 shows the frequency of the formation of aggregates with a radius R used in the construction of the agglomerate. 
